ABSTRACT. The change in milk composition in response to intramammary infusion of Escherichia coli lipopolysaccharide (LPS) was investigated. Four clinically healthy goats were infused with LPS (100 µg) by intramammary administration to the left udder. Clinical manifestations (rectal temperature and physical activity), selected blood parameters (pH and white blood cell count) and milk compositions (somatic cell count and pH) were evaluated at 0 hr (just before challenge) and at multiple time points over the first 24 hr post-challenge. After intramammary LPS challenge, the pH of milk from both udders increased. Thus, this study revealed that LPS-induced mastitis in goat can result in increased pH in milk from the unchallenged (contralateral) udder.
doi: 10.1292/jvms.18-0280 (SCCs) using a DeLaval cell counter (DCC: DeLaval International AB, Tumba, Sweden) according to the method of Kawai et al. [6] . Milk pHs were measured using a Digital pH meter (D-71, Horiba Scientific, Kyoto, Japan) at 37°C. The data in the previous study [8] were used for the control (saline 5 ml, n=5) and low-dose (10 µg/ goat) LPS (LPS-L, n=5) groups. SCCs were converted to common logarithm values. A two-tailed paired t-test was used to compare each measured value in the respective animal and udder before and after LPS challenge. Significance was considered at P<0.05. All statistical analyses were performed with EZR (ver. 1.27; Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R foundation for Statistical Computing, Vienna, Austria). This is a modified version of R commander designed to add statistical functions frequently used in biostatistics [5] .
In both the LPS-L and LPS-H groups, all goats showed up to 8 hr post-dose loss of appetite and signs of fever post-challenge, but the animals subsequently recovered, such that general symptoms were no longer seen by 24 hr post-challenge. Rectal temperature in both LPS groups initially increased significantly at 2 hr post-challenge compared to baseline that at 0 hr, peaked at 4 hr post-challenge, and returned to normal by 24 hr post-challenge, when physical activity and appetite also recovered (Fig. 1) . The respiratory rate, pulse rate, and ruminal motility did not differ significantly among the three groups (data not shown). Although blood pH showed no significant changes (compared to baseline) in the three groups ( Fig. 2a) , the WBCs in LPS groups decreased significantly from 2 hr post-challenge (compared to the respective baseline values); while values started to rise by 12 hr, values at 12 and 24 hr were still significantly lower than those at 0 hr in respective animals ( Fig. 2b) . In milk testing, SCCs of milk from LPS-challenged udders (in both the LPS-H and LPS-L groups) were significantly increased (compared to baseline) at 4 through 12 hr post-challenge and unrecovered by 24 hr (Fig. 3a) . Milk from unchallenged udders showed no changes (compared to baseline) in SCC in the LPS-challenged groups (Fig. 3b) . In the LPS-L group, the pH of milk from the challenged udders was significantly increased (compared to baseline) from 4 hr post-challenge (Fig. 3c ). In the LPS-H group, the pH of milk from the challenged udder could not be measured due to the marked decrease of milk production in these udders. In contrast, pH of milk from the unchallenged udders of LPS-L animals was not significantly changed (compared to baseline) within 24 hr of the challenge, while the pH of milk from the unchallenged udders of LPS-H animals was significantly elevated (compared to baseline) at 4 to 12 hr post-challenge (Fig. 3d) .
In summary, although both the LPS-L and LPS-H groups exhibited mastitis with systemic signs, animals of these two groups did not differ significantly (compared to each other) in clinical signs. This observation suggested that LPS-L intramammary infusion was sufficient to induce systemic inflammatory responses, such that the strength of LPS stress could not be estimated by goat-side clinical findings alone. In milk testing, the SCCs exhibited an apparently LPS-dose-dependent increase; milk pH was also elevated in the LPS-L group, but a block in milk production in the LPS-H animals precluded pH assessment in the latter group. Increased pH in mastitic milk has been attributed to permeability of the blood capillaries due to inflammation of the mammary gland, permitting entry into the milk of alkaline blood constituents (Na + and bicarbonate). In the unchallenged udders, although neither inflammatory local clinical signs nor increased milk SCCs were observed, the pH of the corresponding milk from the LPS-H animals was significantly elevated. Since LPS infusion had no effect on blood pH, it was hypothesized that the high-dose LPS induced a stronger systemic inflammatory response than the low-dose LPS, yielding increased vascular permeability even in the unchallenged (contralateral) udder.
Evaluation of the severity of episodes of ACM in dairy cows is important for determining the appropriate treatment; several studies have proposed severity classification systems for ACM [10, 11] based on clinical symptoms. The modified California mastitis test (CMT) is a system that combines the CMT (an indirect method for measurement of SCCs using formation of a "gel-like" matrix [3] ) with a bromothymol blue-based assay of milk pH. In Japan, the modified CMT is commonly used for the detection of mastitis; this system has the advantage of being quick, cheap, simple to perform, and amenable for use as a "cow-side" test, facilitating veterinary use of this system to determine the milk pH of all quarters. Our results showed that changes in the pH of milk from the unchallenged udder may be useful information for evaluating the severity of LPS-induced mastitis in goats. This finding could be applied as a diagnostic index for severity evaluation of acute coliform mastitis in dairy cows, and is a new interpretation of the modified CMT. 
